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Objective: To evaluate the effects of single-level lumbar decancellation osteotomy combined with multiple level polysegmental posterior
osteotomies involving the whole thoracal spine in severe ankylosing spondylitis.
Materials and Methods: Between 2008 and 2017, 14 patients (12 men and two women) were included in the study. The indication for surgery
was a progressive loss of horizontal sight due to whole spine kyphosis (chin-brow angle over 90°). The mean age at the time of operation was
47 years. Preoperatively and postoperatively, the cobb angle was measured on standing lateral radiographs of the whole spine. The chin-brow
angle correction was recorded.
Results: The mean surgical time was 281 minutes, and the average blood loss was 1870 mL. Preoperative mean chin-brow angle was 97.5°.
Postoperative chin-brow angle was 18° (p<0.0001). The preoperative mean thoracic cobb angle was 69°, and the postoperative thoracic cobb
angle was 37.5° (p<0.0001). The preoperative mean lumbar lordosis angle was -1.2°, and the postoperative mean lumbar lordosis angle was
-29° (p<0.0001). There were no major perioperative and postoperative complications. Two patients had minor wound healing problems. Bone
healing was satisfactory in all patients. Three patients had a loss of correction in thoracal regions of 5, 7, and 8 degrees at the final follow-up visit.
Reduction losses were acceptable, and we did not plan any revision surgeries.
Conclusion: Our study showed that this surgical method is as effective as two-level lumbar osteotomies used in severe cases and is also a safer
procedure as the latter.
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INTRODUCTION
There are two subtypes of kyphotic deformity in ankylosing
spondylitis: Thoracic kyphosis with either preservation of
lumbar lordosis or loss of lumbar lordosis resulting in a
prolonged C flexion deformity of the whole spine.
When the whole trunk becomes a long C curve to maintain the
visual arc, patients have to flex their knees. This results in a very
uncomfortable and energy-demanding posture. When patients
try to extend their knees, stiff cervical and upper thoracic spinal
regions limit the forward visual to only a few meters in front
of them.
The correction of lumbar kyphosis in ankylosing spondylitis
was first popularized by Smith-Petersen et al.(1). Multiple
inverted V-shaped posterior osteotomies were closed by spine
extension, rupture of the anterior longitudinal ligament, and
opening of the anterior part of the intervertebral disc.
Later, osteotomies involving vertebral bodies to gain more

angular correction at a single-level were described by many
authors(2-4). Today, these osteotomies are frequently in use either
as single-level osteotomy or interrupted two-level osteotomy
to correct kyphotic deformity in ankylosing spondylitis(5-7).
These osteotomies are performed on the lumbar and
thoracolumbar junction, where a surgeon can achieve the
most angular correction, leaving the upper thoracic kyphosis
untreated. This limits the correction of visual arc when there is
a severe kyphotic deformity in the thoracic region.
This paper reports the results of the correction of whole
spinal column kyphotic deformity using single-level lumbar
decancellation osteotomy in combination with multiple level
polysegmental posterior osteotomies and fixation with long
posterior construct up to T2 level.

MATERIAL AND METHODS
Approval from the General Clinical Directorate of Academic
Hospital was obtained before starting the data collection of
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patients included in the study. The study was performed by the
ethical standards of the 1964 Declaration of Helsinki as revised
in 2000 and those of Good Clinical Practice (approval number:
10/01/2019-12).
All subjects participating in this retrospective study received
a thorough explanation of the risks and benefits of inclusion.
Following this, they provided their oral and written informed
consent to publish the data.
Between 2008 and 2017, 14 patients (12 men and two women)
with secondary thoracic and thoracolumbar kyphosis due
to ankylosing spondylitis were included in the study. The
indication for surgery was a progressive loss of horizontal sight
due to whole spine kyphosis (chin-brow angle over 90°). The
mean age at the time of operation was 47 years (range=36-57
years) (Table 1).
To assess possible injuries to the spinal cord or spinal
nerves during surgery, electrophysiological monitoring of
somatosensory-evoked potentials and motor-evoked potentials
was carried out under general anesthesia in all patients.
After surgical exposure from T2 to L4, bilateral pedicle screws
were placed, excluding the lumbar osteotomy levels.
Classical Smith-Petersen osteotomy (SPO) involves the removal
of the posterior bony elements, including the bilateral facet
joints, the inferior portion of the lamina, and the inferior
portion of the spinous process, and the removal of the
posterior ligaments at the osteotomy level. Forceful closure
of the posterior osteotomy elongates or partially ruptures the
anterior longitudinal ligament and the anterior intervertebral
disc. To achieve a global correction of the kyphotic deformity,
we preferred to use multiple poly-segmental posterior
osteotomies, which is a modification of the classic SPO at all
thoracic levels (Figure 1).
Transpedicular decancellation osteotomy is a closing wedge

osteotomy usually applied on L2 or L3 level. Using smaller
curettes, decancellation was begun through the pedicle.
Progressively larger curettes were used with care to preserve
the medial pedicle wall and posterior wall of the vertebral body.
Curettage was carried out across the midline. After the removal
of the pedicle walls, sequential compression on the rods until
the posterior elements touched completed the closing wedge
osteotomy as described in the literature before(8,9) (Figure 2).
We started instrumentation from two levels below the lumbar
osteotomy site and used bipedicular screws up to the T3
level (excluding the lumbar osteotomy site). We performed
polysegmental posterior osteotomies to all thoracal levels up
to T3. We used a temporary unilateral ﬁxation of the rods when
closing the wedges to prevent collapse and we used two rods
for the final fixation.
Preoperatively and postoperatively, the cobb angle was
measured from standing lateral radiographs of the whole
spine. Operation time, blood loss, cobb angle measurements,

Figure 1. Schematic illustration of the polysegmental posterior
osteotomy

Table 1. Patients’ demographic data and individual angular measurements
Patient
Number

Age

Gender

Preop chinbrow angle

Postop chinbrow angle

Preop thoracic Postop thoracic Preop lumbar Postop lumbar
kyphosis
kyphosis
lordosis
lordosis

1

45

Female

95°

15°

75°

40°

10°

-20°

2

56

Male

104°

22°

95°

49°

0°

-25°

3

48

Female

98°

13°

62°

35°

-10°

-35°

4

55

Male

105°

20°

66°

38°

5°

-23°

5

36

Male

102°

25°

58°

35°

-15°

-38°

6

42

Male

93°

18°

70°

42°

-17°

-42°

7

40

Male

107°

30°

65°

38°

7°

-24°

8

54

Male

96°

25°

66°

32°

12°

-20°

9

48

Male

92°

12°

74°

30°

-6°

-33°

10

53

Male

94°

10°

63°

36°

9°

-25°

11

38

Male

100°

27°

60°

42°

-18°

-40°

12

44

Male

91°

7°

65°

34°

-13°

-35°

13

47

Male

94°

12°

88°

44°

6°

-27°

14

57

Male

95°

15°

72°

30°

13°

-22°

Preop: Preoperative, Postop: Postoperative
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complications, chin-brow vertical angle, loss of correction at
final follow-up, and early and late complications were recorded.
Follow-up periods ended at the 24th month.

RESULTS
Angular data on deformity correction, surgical time, and
blood loss are listed in Table 1 and 2. There were no major
perioperative and postoperative complications. Two patients
had minor wound problems. Bone healing was satisfactory in
all patients. Three patients had a loss of correction in thoracal
regions 5, 7, and 8 degrees at the final follow-up visit. Reduction
losses were acceptable, and we did not plan any revision

Figure 2. Schematic illustration of the lumbar decancellation
osteotomy

surgeries. Six patients had lumbar osteotomy at the L2 level,
and eight had lumbar osteotomy at the L3 level.
Our patient sample did not include any patient with scoliotic
deformity. Therefore, postoperative sagittal vertical axis and
pelvic tilt measurements were within the normal range.
We did not encounter any implant-related or infection-related
complications.

DISCUSSION
The principle of a lumbar spinal osteotomy is to shift the
center of gravity of the trunk of the hip axis. In severe cases
of ankylosing spondylitis, single-level osteotomy usually does
not provide adequate correction of the kyphotic deformity;
therefore, a two-level lumbar osteotomy is required(10,5).
Smith-Petersen type osteotomy, pedicle subtraction osteotomy,
and transpedicular bivertebrae wedge osteotomy procedures
all aim to achieve a significant degree of correction at a single
pivot point in the lumbar region(11,12). Up to 45° of correction
is possible with these posterior osteotomies. However, as the
desired amount of correction increases, these become surgically
demanding procedures and liable to complications.
Excessive lengthening of the anterior longitudinal ligament
during SPO may injure abdominal vessels. This is a rare
but lethal complication(13,14). The most commonly reported
postoperative complications in SPO are intraspinal hematoma,
intestinal obstruction, and superior mesenteric ischemia(15).
On the other hand, pedicle subtraction and closing wedge
osteotomies are known to cause reversible and irreversible
neurological complications(16,17). There is always a possibility of
iatrogenic thecal sac or root compression during the closing of
a wide wedge despite a careful surgical technique.
The safe upper limit for a closing wedge osteotomy to avoid
vascular and neurological injury is considered to be 35° to
40° in the lumbar region(18-20). This means that a single closing
wedge osteotomy is not adequate for treating a severe kyphotic
deformity in ankylosing spondylitis. In severe cases, a twolevel osteotomy is required, and at least one of them needs
to force the safe upper limit(5). Magnetic resonance imaging
investigation by Liu et al.(21) showed that closing wedge
osteotomies in the lumbar region stretched the aorta and that
spine surgeons should be aware of the potential vulnerability
of aortic injury in ankylosing spondylitis patients undergoing
closing wedge osteotomy.

Table 2. Angular data about deformity correction, surgical time, and blood loss
Surgical time

Blood loss

Preop chinbrow angle

Mean: 281 min
Mean: 1870 mL
Mean: 97.5°
(range: 230-350) (range: 1200-3000) (range: 91-107)

Preop
Postop chinthoracic
brow angle
kyphosis
Mean: 18°
(range: 7-30)

Postop
thoracic
kyphosis

Preop lumbar
lordosis

Mean: 69°
Mean: 37.5°
Mean: -1.2°
(range: 58-95) (range: 30-49) (range: -18-13)

Postop lumbar
lordosis
Mean: -29°
[range: -20-(-42)]

Preop: Preoperative, Postop: Postoperative
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In our study, we limited the correction obtained from
transpedicular decancellation closing wedge osteotomy
from 30° to 35°. This angle limit is below the safe upper
limit prescribed in previous studies. We obtained the
remaining correction from multiple polysegmental posterior
osteotomies in the thoracic region (Figure 3A and 3B). By
closing multiple posterior osteotomies over multiple segments
with transpedicular fixation, a more gradual correction of the
kyphosis can be achieved (Figure 4A and 4B)(22,23). We managed
to achieve 2° to 5° of correction for each level of polysegmental
posterior osteotomy at the thoracic region. Angular correction
varied depending on the anterior ligamentous ankylosis severity
of the segment. This osteotomy also causes less distribution
of the anterior longitudinal ligament and disc space. Hence it
is safer than classic SPO, which has been known to cause a
potentially high rate of complications(12). Excessive one-level or
two-level osteotomies at the lumbar region usually create a
hyperlordotic posture, which is not a desired natural posture(24).
Gradual and global correction also avoided hyperlordosis in our
patients.

We did not encounter any major or minor vascular-neurological
complications in our study. We only encountered minor wound
healing problems in two patients.
Study Limitations
There are some limitations in our study. Depending on
our clinical experience and experimental studies, we used
bipedicular screws up to the T3 level to distribute pull-out
force on as many screws as possible(25). However, we are unable
to make a statement about the necessity of bipedicular screw
placement of all levels. Also, although our results are promising,
we are still collecting data of our patients and a larger patient
sample will provide more data in future studies.

CONCLUSION
Although a longer construct is more prone to causing skin
problems and is more costly, global and gradual correction of
kyphosis in ankylosing spondylitis with our technique provided
satisfactory correction without major vascular-neurologic
complications. Our study has showed that this method is as
effective as two-level lumbar osteotomies used in severe cases
and a safer procedure. Using this procedure, we also avoided
A

A

B

B

Figure 3. Preoperative (A) and final follow-up (B) radiographs of
patients highlighting the lumbar osteotomies
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Figure 4. Gradual correction of the thoracic deformity (A) and
patient posture in the final follow-up (B)
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hyperlordotic posture, corrected thoracal kyphosis, and gained
a more natural sagittal curvature in all the patients.
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